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Results from a Global Ocean Model in the Western Tropical Pacific

Harley HURLBURT}, John KINDLE}, E. Joseph METZGER} and Alan WALLCRAFf2

(1) JAYCOR; (2) NORDA
Stennis SpaceCenter, MS 39529 - U.S.A.

1. Introduction.

The circulation of the western equatorial Pacific is examined using two NORDA
ocean models, a global model on a .5 x .7 degree grid (lat,long) and a North Pacific
model (N. of 200S) on a .25 x .35 degree grid. This is the resolution for each dependent
variable. The models use detailed coastline geometry including the islands resolved by
the grid. The models are reduced gravity with the lowest layer infinitely deep and at rest
and they include thermodynamics and mixing. The models have been forced by the
Hellerman-Rosenstein (1983) (HR) wind climatology and by winds from the European
Centre for Medium-range Weather Forecasting (ECMWF) (1980-1987). The discussion
will focus on the Pacific west of the dateline and ± 20 degrees latitude, including the
Indonesian archipelago. The models simulate detailed aspects of the circulation in the
region.

2. Mean flow and sea surface height.

Figure l a.b shows the sea surface height (SSH) from the global model driven to
statistical equilibrium by the HR monthly wind stress climatology. Between the
subtropical and subpolar gyres, it shows the bifurcation of the Kuroshio/Oyashio Current
system into subarctic and subtropical fronts. The frontal positions are in good agreement
with those given by Roden and Robinson (1988). The simulated North Equatorial
Current (NEC) is centered at 12°_13°N and the North Equatorial Countercurrent (NECC)
at about 5°N similar to the U.S. Navy's GDEM climatology (Teague et al, 1989) (Fig
le). The Mindanao eddy is simulated east of the south Philippines coast.

Figure 1b shows the annual mean SSH from the same global simulation for the
western tropical Pacific. Figure Id shows the same field from the .25° Pacific model.
Both experiments have one active layer, hereafter referred to as 1.5 layers. The NEC
splits at the Philippine coast into the Mindanao current and the beginning of the
Kuroshio current. The location of the split shows a seasonal variation of only about 1° in
the models. In the Pacific model (Fig. Id) the mean location is in close agreement with
Wyrtki (1961) and the GDEM climatology (Fig. le). However, the global model (Fig.
1b) has the split 1.5°further north.

A comparison of two global experiments with the south Sulu Sea open and closed
shows that this occurs because the south Sulu Sea is open in the Pacific model
experiment and closed in the global one. With the south Sulu Sea open there is a net
cyclonic flow around the Philippines which weakens the Mindanao Current and
strengthens the Kuroshio Current east of Luzon. Hence, more of the SSH contours
associated with the NEC must go north when the south Sulu Sea is open and the split
point must be further south. Flow through the south Sulu strait has little effect on the
transports south of the Celebes Sea, east of 1300E, and north of the Luzon Strait. The
mean transports for the Mindanao Current at 8°N (coast to 134.4°E) and the Kuroshio
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Fig. 1. (a) Hean SSH from the .50 1.5 layer global model driven by the
Hellerman-Rosenstein (HR) wind stress climatology. (b) Hean SSH for the
western tropical Pacific from the same numerical experiment. (c) Annugl
mean surface dynamic height relative to 1000 m from the U.S. Navy's .5 GDEH
climatology (Teague et aI, 1989) smoothed with 5 passes of a 9-point real
smoother for a spherical grid. The global areal mean from the Levitus
(1982) climatology has been subtracted. (d) Same as (b) from the .250 1.5
layer Pacific model. The model land-sea boundary is the 200 misobath.
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Current at 18°N (coast to 124.6°E) are 27 Sv, 22 Sv for the 1.5 layer Pacific model (S.
Sulu open), 34 Sv, 12 Sv for the 1.5 layer global model (S. Sulu closed) and 24 Sv, 17 Sv
for a 3.5 layer global experiment (S. Sulu closed).

Focusing on the global model, the Mindanao current splits near the south end of
the Philippines. Some flow recirculates in the eddies. The strongest branch heads
southward before joining the NECC. Wyrtki (1961) notes this branch passing between
Sangihe and Talaud Islands which form a channel between 125.8°E and 126.8°E at 4°N.
The configuration of the island geometry and the bottom topography (parallel ridges
bounding the current) suggest that they might influence the path of the current.
However, they are not included in the .5 degree global model which shows the mean
current centered at 126.7°E. The Pacific model which includes the islands shows the
current centered at 127.3°E and not extending as far south. The lack of Pacific-Indian
Ocean throughflow and the net cyclonic flow around the Philippines with the south Sulu
Sea open are likely factors in this.

In the global model another branch of the Mindanao Current proceeds westward
through the Celebes Sea where some flow returns eastward north of Suluwesi Island, and
some proceeds southward through the Macassar Strait. The flow through Macassar again
divides into Pacific-Indian Ocean throughflow (see Kindle et al, Murray et al, this
volume) and flow that returns northward east of Suluwesi and Halmahera Islands where
it joins the NECC. For the latter flow, the standard deviation is larger than the mean and
the mean is <1 Sv. In the model little or none of the Mindanao Current flows around the
south side of Halmahera Island before joining the NECC.

In the annual mean there is a westward coastal current along the New Guinea
coast in the 1.5 layer model, Fig. 2a, but in the 3.5 layer model the westward coastal
current is an undercurrent with only weak mean westward flow at the surface (Fig. 2c,
d). Another prominent difference between the 1.5 and 3.5 layer models occurs in the
equatorial waveguide. In the 1.5 layer model the equator is roughly the southern edge of
the NECC in the annual mean. In the 3.5 layer model a westward equatorial surface
current and an eastward equatorial undercurrent are found. Thermodynamics was not
included in the 3.5 layer simulation, but vertical mixing of mass and momentum were.
The vertical mixing and at least two active layers are required for these currents to exist
in the annual mean.

Figure 2b shows the effect of the Pacific-Indian Ocean throughflow on the
u-component of velocity in the 1.5 layer global model. This was obtained by subtracting
a solution with the Pacific-Indian Ocean throughflow closed from one with the
throughflow open. In the western equatorial Pacific the throughflow influence is
confined mainly to an increased westward component along the New Guinea coast and
into the Celebes Sea. It also slightly weakens the Mindanao eddy and shifts the cyclonic
eddy to the east of it (Fig. 1b) slightly further to the east.

The region also exhibits several prominent eddies in the annual mean SSH field
(Fig. 1b, d). However the strength, location, and even existence of these is quite
variable. The most notable is the cyclonic Mindanao eddy centered at 5°N, 127.5°E in
the global model (Fig. Ib) and 6°N, 128.5°E in the Pacific model (Fig. Id). A second
cyclonic eddy is found to the east in both models centered at 8°N, 133°E and 9°N,
134.5°E, respectively. Additional cyclonic centers are found to the east along the SSH
trough at 9°N. The longitudinal structure is in good agreement with the GDEM
climatology (Fig. le). Both GDEM and the Pacific model show a center between 150°­
155°E. A test of the Pacific model with and without the Gilbert Islands did not show any
notable differences. An anticyclonic eddy is found near 3°N, 132°E,ENE of Halmahera.
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Fig. 2. Hean u-component of velocity for (a) the 1.5 layer global model,
(b) the difference between two 1.5 layer global experiments, Pacific-Indian
Ocean throughflow open minus Pacific-Indian Ocean throughflow via Indonesia
closed, (c) layer 1 of the 3.5 layer global model, and (d) layer 2 of the
3.5 layer global model. Dashed contours are westward. HR monthly mean wind
stress forcing.
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Fis' 3. RHS SSII variability ham model experiments listed in Table 1. (a)

.5 1.5 layer global model driven by annual mean IIR wind stress, (b) same

driven by the monthly HR climatology, (c) .250 1.5 layer Pacific model

driven by the HR monthly climatology (d) .5 0 3.5 layer global model driven

by the HR monthly climatology, (e) the .5 0 1.5 layer global model driven by

a monthly 1000 mb ECHWF wind climatology based on 1980-1987 winds, and (f)

.5
0

1.5 layer global model driven by monthly mean 1000 mb winds for

individual years from ECHUF, 1980-1987.
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In the southern hemisphere cyclonic eddies are found in the Bismarck Sea and
east of New Ireland. In the 3.S layer model these eddies occur in the undercurrent layer,
but unlike the I.S layer model, they are not found in the surface layer in the annual mean.
Cyclonic eddies are also found in the Coral Sea and the Solomon Sea. Many more
transient eddies are present.

3. Variability.

The RMS variability of the SSH in the western equatorial Pacific has been
calculated for several different numerical experiments shown in Figure 3. The forcing
and model for the experiments are listed in Table 1.

TABLE 1 - Model Experiments shown in Figure 3

Figure

3a
3b
3c
3e
3d
3f

Wind forcing

annual mean HR climatology
monthly HR climatology
monthly HR climatology
monthly ECMWF climatology
monthly HR climatology
ECMWF monthly means

for individual
years, 1980-1987

Model

.S· , I.S layer global

.S· , I.S layer global

.2S· , I.S layer Pacific

.S· , I.S layer global

.S· , 3.S layer global

.S· , I.S layer global

The ECMWF climatology is a monthly mean of 1000 mb winds 1980-1987 on a
2.S· grid. The 1000 mb winds were multiplied by a constant to produce surface winds.
All of the experiments include thermodynamics excep.t for the 3.S layer global. Global
experiments a.b use an eddy viscosity of A = 2000 m2 s·l and d-f use A = IS00 m2 s·l.
The Pacific model uses A =SOO m2 s·l.

The experiments shown in Figure 3 are designed to help sort out variability due
to flow instabilities, seasonal variations in winds from different wind sets and
interannual variability. In Figure 3a the RMS variability is due only to flow instabilities.
With only one vertical mode, baroclinic instability is excluded from all but Figure 3d.
Figure 3f is the only one to include interannual variability, but some of the interannual
variability may be fictitious due to changes in the ECMWF wind product over the 8-year
period.

In Figure 3a, driven by annual mean winds, flow instabilities occur within 12· of
the equator west of IS0oE. Strongest instabilities are associated with the Mindanao eddy
and the NECC. The tongue of variability into the Celebes Sea is associated with eddy
shedding from the Mindanao eddy. Usually pieces of the eddy break off, but
occasionally the whole eddy propagates into the Celebes Sea. The eddy shedding is
irregular but occurs at roughly 40-80 day intervals. At 141·E spectral peaks in the
transport 2· -SON occur at SO-6O and 73 days in a 2-year time series. Between the New
Guinea coast (2.S·S) and the equator additional peaks are found at 25 and 40 days. The
Mindanao eddy itself is not one eddy, but a series of eddies that propagate in from the
east and strengthen there, either merging with or replacing the Mindanao eddy. This
occurs less frequently than the eddy shedding.
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Similar flow instabilities are found north of the equator in the western Atlantic
Ocean and just south of the equator in the western Indian Ocean. The latter are discussed
by Kindle and Thompson (1989) who reported similar periodicities.

Figures 3b-e driven by monthly wind climatologies all show patterns of RMS
SSH variability with maxima in bands Nand S of the equator. We anticipate that the
minimum along the equator would disappear in maps of eddy kinetic energy (which we
have not calculated yet). The longitudinal location of the variability maxima are very
similar in Figures 3b, 3c, and 3e whether driven by Hellerman-Rosenstein or ECMWF
winds, suggesting a standing wave. Such maxima are not clearly evident in the 3.5 layer
model (Fig. 3d).

In all cases there are tongues of high variability into the Celebes Sea. Although
eddy fragments break off the Mindanao eddy year round and propagate into the Celebes
Sea, occasionally the whole Mindanao eddy propagates into the Celebes Sea sometime
during May through October.

SSH variability maxima in the Bismarck Sea and east of New Ireland are also
consistent features except in the 3.5 layer model. The eddies in the Bismarck Sea form
north of the Vitiaz Strait and propagate northwestward. Similarly, eddies form east of the
strait between New Ireland and the Solomon Islands from July through October. As
noted earlier (Fig. 2) the mean upper layer flow is westward along the northern New
Guinea coast in the 1.5 layer model, but only weakly so in the 3.5 layer model. In the
3.5 layer model there is a westward coastal undercurrent and the eddies in the Bismarck
Sea and east of the New Ireland are also present only below the surface layer in the
mean.

The Coral Sea is a region of high variability with the ECMWF winds, but not
with the HR. Figures 3c,e,f also show variability in parts of the Solomon Sea.

The western NEC is another region of slightly to markedly elevated variability in
Figures 3b-f. A striking difference between the .25° Pacific model and the .5° global
model is seen north of 25°N where the .25° model shows strong flow instabilities in the
Kuroshio and the .5° model does not.

The interannual variability (Fig. 30 is larger in amplitude and more wide spread.
It shows the features of the seasonal variability with elevated amplitude, but the
maximum variability is associated with shifts in the latitude of the NEe. Two-year
means of SSH 1980-81, 1982-83, etc. suggest that some of the interannual variability is
due to changes in the ECMWF 1000 mb wind product over the years. The two-year
means become distinctly more realistic with time.

4. Seasonal Cycle.

Figures 4 and 5 show the seasonal cycle of the SSH from the .5° 1.5 layer global
model (Fig. 4) and the .25° 1.5 layer Pacific model (Fig. 5). Both show a similar
seasonal cycle, but with more eddy activity in the Pacific model. Because of the flow
instabilities, substantial interannual variation occurs in both models even though they
were driven by the Hellerman-Rosenstein wind climatology, especially west of 1600E,

within 10° of the equator. Jan. 15th shows the SSH gradient associated with the NECC at
a lower latitude in the western part of region. By March the latitude has increased in the
western part and we see the onset of strong anticyclonic eddies on the south side. These
show up as 50-60 day oscillations in the transport time series at 141.5°E, 2°-SON (Fig. 6).
In summer a new trough appears at a lower latitude in the east (June 16th and Aug 16th).
By Oct. 16th it has increased in latitude. This rise appears to follow the rise in latitude
of the wind curl pattern. There is no obvious propagation of an annual Rossby wave
associated with the increase in latitude.
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Other features of the variability are also evident such as the eddy shedding into
the Celebes Sea. Eddy plumes are seen north of New Britian Island. The eddy activity
east of New Ireland is most pronounced in the latter part of the year. Eddy activity in the
Coral and Soloman Seas is also evident. In the .2Y Pacific model eddy activity (north of
25N°) is associated with the Kuroshio.

Figure 7 shows time series of the equatorial surface current and undercurrent
from the 3.5 layer global model at 165°E. For comparison the equatorial u-component of
the HR wind stress for 165°E is also shown.

Strong 30-day oscillations are evident with onset in winter and late summer. The
oscillations are nearly in phase in the two layers. Although the surface current and
undercurrent tend to be opposite in direction, their transport tends to accelerate in the
same direction.
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